Thinking that it would be of interest to see if aviators show any change in the falling reaction after experience in the air, J have studied a few cases with that in view. The-men were stimulated in the vertical canals only, as they are the ones involved in loops and tail-spins and would show the most marked change, if any.
. The technic was the standard used in the Air Service; head on the clenched hands, which in turn rested on the knees. The angle quoted in the figures were made by projecting it from the center of the seat, at the back of the turning chair, to a board fastened to the head rest. As the head rest was moved up and down to adjust it for different heights the angles were not absolutely correct.
For the benefit of those not interested in otology, I might explain that stimulation of the semicircular canals by rotation causes nystagmus and a sensation of turning, after the chair is stopped. A normal man can poinno an object with his eyes shut, after he has felt it, but after rotation, instead of point· ing to the object, he makes an error in the direction, opposite to that in which he feels he is turning. The reactions are constant and specific for the various canals, which may be, by proper methods, individually examined. For the horizontal canals, the shoulder group of muscles is used, and the error called past pointing; for the vertical canals the back muscles are used and the error is falling to one side.
Twenty-seven men were turned; eleven were instructors in acrobatics, varying from~5 to over 600 hours of acrobatic flying. Their total flying varied from 170 to 1,800 hours-, giv-ing an average of 514 hours. Their average degree of falling was 2.9°, The least response was shown by the man who had the second longest experience and the greatest deviation was shown by a good pilot, who examined to be excused, because he had just had a tooth pulled and felt, as he expressed it, "all in.'Ã nother group of five aviators, selected at random, was examined. Their experience in acrobatics varied from 10 to 20 hours; their hours of flying from 85 to 175, giving an average of 121 hours. Their average degree of falling was 6.7°E leven ground men were then examined. For most of them it was their first experience in the rotating chair. Th.ey had had very little experience in the air. One man, had never been up. The most experienced had had 15 rides· in the last sixteen months. The average degree of falling was 20.6°.
The difference between th~experts and the untrained men was very marked and showed, without doubt, that men used to air work give less respOnse to the falling test than ordinary men.
Rapid rotation of the bOdy causes vertigo. We may define vertigo as a false sensing of motion. Past pointing is a physical sign of vertigo, in that the subject compensales in pointing, for the rate of movement that he feels. 'rhus we might conclude that the degree of past pointing may be taken as an indication of the amount of vertigo. I think that this is relatively true when the subject has not had any acrobatic experience, but where evolutions are performed frequently the subject learns to overcome the effects of vertigo and keep their equilibrium, even though they feel that they are falling or turning. We should considetthe question, whether the serise organs in acrobats become accustomed, through· training, to the rapid turning and no longer produce vertigo. Whirling dancers studied by Lieutenant-Colonel Eugene R. Lewis, M. C., in the investigation preparatory to his paper, all maintained, with one exception, that in spite of the fact that they had engaged in these e{Chibitions for many years, they always .had vertigo. The one exception bumped 1nto one of the kings, at the con.-elusion of his stunt, shortly after stating that he never became dizzy. These performers when examined in the turning chair had nystagmu~of normal duration. Observations by myself during the examination of several hundred expert aviators would show that nystagmus is of normal duration. Examinations of tightrop~walkers by me gave normal turning reaction and nystagmus. I found a man with subnormal responses, who had formerly been a trick cyclist and who maintained that that was sufficient evidence of a normal balance sense. He had a plus four Wassermann. I could not determine from the history whether infection had occurred while he was still engaged in cycling or afterward.
I did not examine the nystagmus in the group of men quoted in the experiment, but many of these men had been examined at various times and the duration found normal. I took th<!' man who showed the least falling reaction and noted his response to' the slightest degree of rotation,-accelerating speed, maintained speed, slowing speed and sudden stop, and found his responses entirely normal, to the great amusement of his fellow instructors, when they heard the "bell wether" of the stage with eleven months of exclusively acrobatic flying saying "stopped, stopped, stopped" while he was really whirling at full speed. It would have been of interest to measure the duration of vetrigo after turning in the entire group and the degree of past pointing after stimulation of the horizontal canals, but numerous duties in the field prevented me from doing so.
As past pointing is entirely a voluntary act, it appears that through training, these men have learned to ignore the excessive stimuli and sit up straight in spite of the fact that they feel that they are turning. It may be that their tactile, muscular, articular tendinous and deep sensation tracts have become highly trained and they get instant information from the seat of the chair, helping orientation. It is a common observation, in examining men for their sense of motion, that any auditory or visual stimuli will immediately help them to orient themselves and correct the false impression given by excessive stil1}ulation of the labyrinth. The question arises, How are we to determine that a man is normal if he fails to fall? We should rotate him ten times in twenty seconds and measure the duration of vertigo, which should be 16 to 36 seconds, having him keep the head 30°forward, eyes closed, and then rotate him with the head on the knees, five times in ten seconds, and note the presence 'of vertigo. We can also tell that these men are getting stimuli through, by watching them when they sit up or when they past point, and we will see a swaying to one side or a past pointing on raising the arm which is overcome on the way down.
Conc1usion.-Slight falling to one side, or even the ability to sit up erect with closed eyes, after stimulation of the vertical canals by rotating the chair five times in ten seconds, or even five times in five seconds, is present in acrobatic aviators. Other individuals fall markedly to the side of rotation.
By close observation, a skilled observer can see that muscular effort is being used to overcome the tendency to fall. By timing the after-turning vertigo, we can determine that the tracts are normal. . 928 N. SIXTY-THIRD,ST.
